Abstract This study describes the first confirmed report of contagious ecthyma in Black Bengal goats from Tripura state, a North-Eastern state of India situated at the IndoBangladesh border. Outbreaks were characterized by the high rates of morbidity (58-67%), low mortality (8-10%) and case fatality (11-15%). The etiology of the outbreaks was confirmed as orf virus (ORFV) by standard virological/ serological and molecular techniques including sequence analysis of B2L, a major envelop protein gene of genus Parapoxvirus. Sequence and phylogenetic analysis based on B2L gene of ORFV isolates from Tripura revealed that they were closely related to each other and also to other Indian isolates, in particular to ORFV-Shahjahanpur 82/04 isolate from North India. They revealed several specific nucleotide/amino acid substitutions, namely G299A (G100D), G660A, C705T, C795T (N267D) and G872A (R291H) which may be of notable epidemiological significance. This report necessitates the systematic investigation of orf outbreaks in susceptible populations including wild species particularly at transboundary regions by use of rapid diagnostics to control the infection by deploying an effective vaccine/therapeutics and better managemental practices.
Contagious ecthyma (CE) is a contagious non-systemic proliferative skin disease of sheep and goats as well as several wild ruminants [1] , which is caused by prototype member of the genus Parapoxvirus (PPV) known as orf virus (ORFV), of the subfamily Chordopoxvirinae of the family Poxviridae [2] . This disease is significant in respect of outbreaks due to its emergence into new territories, zoonotic nature, crossing host-species barrier and ability to re-infect the same affected host [6] . It is prevalent worldwide [8] and endemic in India where the outbreaks have been reported from different geographical locations of the country [2, 4, 9, 11] . However, North-Eastern parts of India is still unexplored for animal poxviral infections particularly PPVs except only two reports of CE in Assam [2, 4] . ORFV genome consists of a linear double-stranded DNA (134-139 kb) with high GC content (63-64%) in comparison to other poxviruses [1] . The B2L gene (ORF 011), a homolog of Vaccinia virus F13L [7] has been targeted in the development of molecular diagnostics and epidemiological analysis for ORFV infections [2] [3] [4] [5] [6] [7] . The molecular epidemiology of circulating PPVs particularly ORFV in sheep and goats in the North-Eastern region (NER) of India are scanty. There is no genetic data on circulating ORFV strains in Tripura state of NER, India adjacent to Bangladesh sharing * 856 km of porous international boundary in Western, Northern and Southern borders (Fig. 1a) . The present study reports the confirmed outbreak of CE in Black Bengal goats in two districts of the Tripura state. To the best of author's knowledge, this report seems to be the first on molecular epidemiology of circulating ORFV strains in Tripura state of NER, India.
Pox-like disease outbreaks in Black Bengal goats from Dhalai and West Tripura districts of the Tripura state were reported to College of Veterinary Sciences and Animal Husbandry (CVAH) Tripura during June-July, 2014. A team of experts visited the affected regions and examined the animals and interviewed the farmers about the history of the disease, its clinical signs, and symptoms, morbidity, and mortality. As per the disease Investigation Laboratory report, the samples were collected from different affected pockets of two districts of Tripura covering around 6000 goats, in which around 3500-4000 goats were either affected or just recovered from the disease. Initially, outbreaks were suspected for goatpox and a total of twelve representative samples (blood/oral swab/buccal swab/skin scab) and serum samples (n = 125) were collected from (Table 1 ) and sent to Division of Virology, IVRI, Mukteswar for confirmatory diagnosis and further characterization of causative agent. Initially, all the clinical samples were homogenized as 10% suspension in sterile phosphate buffer saline (0.1 M) and screened by counter-immunoelectrophoresis (CIE) separately for capripox virus (CaPV) and ORFV antigens. The serum samples from two districts were also tested by CIE and serum neutralization test (SNT) as described earlier [2, 11] . The samples were also used for virus genomic DNA (gDNA) extraction as per manufacturer's protocol (Life Technologies Pvt. Ltd., New Delhi) to use in ORFV and CaPV specific diagnostic PCRs including multiplex format [12] and LAMP assays [13, 14] as described earlier for the confirmation of the etiology.
The outbreaks in both districts were characterized by varying rates of morbidity (58-67%), mortality (8-10%) and case fatality (11-15%) and the development of dermal lesions on lips and oral commissures following a phase of pyrexia and in-appetence. Mortality in kids found in these outbreaks can be attributed to reduced suckling and grazing due to painful mouth lesions [8] . All clinical samples were found negative for CaPV but positive for ORFV in CIE/ PCR/LAMP assays described elsewhere [2, 3, [12] [13] [14] . Results of clinical and serum samples from two districts screened by different diagnostic assays were shown in Table 1 . Four representative samples from two districts (Table 1) were used for amplification of complete ORF 011 gene (B2L) as described elsewhere [2, 11] and the purified B2L amplicons were cloned into pGEMT-Easy vector (Promega, USA) by T/A cloning strategy using T4 DNA ligase (Promega, USA) and Top10a E. coli competent cells. The recombinant plasmid containing B2L gene insert was sequenced commercially in an automated DNA sequencer (ABI PRISM 3100, Perkin-Elmer, Carlsbad, USA). Comparative sequence analysis was performed using published sequences of PPVs (n = 50) from GenBank database and determined the percentage identities at both nucleotide (nt) and deduced amino acid (aa) levels using the Clustal W method of the MegAlign program (DNASTAR, Lasergene v6.0). A phylogenetic tree based on deduced aa sequence of B2L gene was also constructed Molecular evidence and phylogenetic analysis of orf virus isolates from outbreaks in Tripura… using the bootstrap test of phylogeny with the neighborjoining method of MEGA 6.1 software [10] . In this study, positive clinical samples identified by CIE/ PCR assays were attempted for virus isolation in primary lamb testes (PLT) cells. But, the viruses could not be recovered even after five blind passages. The serum samples from affected animals showed ranging antibody SNT titers reveal that infected animals were at different stages of infection during outbreaks [2] . Presence of ORFVspecific antigen/antibody in clinical samples by CIE, ranging SNT antibody titre, ORFV DNA amplification by PCR/LAMP assays have confirmed the etiology of pox-like outbreaks as ORFV. The complete nucleotide coding sequence of B2L gene with an ORF of 1137 bp is determined for these four isolates under the study and submitted to GenBank database (Table 1 ). Sequence analysis revealed that they shared about 97.3-99.2 and 96.3-98.9% identity at nt and aa levels, respectively with Indian isolates and shown a maximum identity with Assam isolates followed by ORFV Shajahanpur 82/04, an isolate from mixed infection of goats by PPR and CE occurred in Northern part of India [9] . Further, they shared among themselves at 98.2-99.2 and 97.9-99.5% identity at nt and aa level, respectively and a maximum identity between ORFV/ Baulia Basti and ORFV/Basudebpara isolates was observed. Details of nucleotide and deduced amino acid identities of Tripura isolates with different members of PPVs are depicted in Table 2 .
Multiple sequence alignment based on B2L sequence has shown several nucleotide substitutions (n = 30) due to transition and transversion type mutations leading to synonymous (n = 20) and non-synonymous (n = 10) changes found in the isolates under study. Among the changes, G to A substitution is observed more frequently (n = 12) than any other as reported earlier [2] . Most of the changes/substitutions in Tripura isolates (G to A at 121, 135, 228, 279, 376, 624, 767, 880 and 1077, C210A, C306T, C534T, G615T, A745G, A774T, A799G, C828T, C912T) are similar to Assam/09, Assam/10 and 82/04 ORFV isolates indicating their epidemiological [2] . Interestingly, it is also noted in all PCPV and BPSV isolates used in this study. Further, these two Tripura isolates have shown a notable change (T926V) of nonsynonymous mutation (V309A) similar to BPSV isolates. All four isolates have shown a common nucleotide change (C948T) found similar to ORFV 59/05 (vaccine virus). A total of nine non-synonymous mutations (A41T, G100D, A126T, S249G, R256Q, N267D, R291H, D294N, and V309A) in Tripura isolates were observed as compared to worldwide ORFV B2L sequences. Phylogenetic analysis based on complete B2L sequence has shown a grouping/clustering of ORFV, PCPV, and BPSV with several clades/sub-clades as described earlier [2, 4, 5, 11] . It also revealed that Tripura isolates are clustered with Assam and Shahjahanpur (82/04) isolates in the separate clade (Fig. 1b) . Outside Indian subcontinent, they have shown close genetic relationship with Chinese (ORFV Hubei, GO, D1701 and Shanxi) and Taiwanese (Nantou and Hoping) strains/isolates followed by ORFV IA82. This B2L gene based phylogeny and molecular diagnostics have been used by many researchers worldwide for rapid identification and determining the genetic and evolutionary relationship among ORFV as well as other PPVs [2, [4] [5] [6] [7] 11] .
In conclusion, various diagnostic assays were employed to confirm the etiology of different outbreaks in goats from two districts of Tripura state as CE. Further, B2L gene sequence analysis and phylogeny of isolates revealed that a close genetic relationship with other Indian ORFV isolates with particular reference to Assam and ORFV Shajahanpur 82/04 isolates and various specific nucleotide substitutions were observed. Given the significance of CE infection in sheep and goats as highly contagious and zoonotic, such outbreaks need to be monitored closely at Indo-Bangladesh border regions of Tripura state. This necessitates a focused vigilance on incidence, regular identification of etiology using sensitive and specific diagnostic PCR preferably as a multiplex format to target also the other viral infections in order to better understanding of virus transmission, pathogenesis and molecular epidemiology in North-Eastern region of India.
